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[57] ABSTRACT

To remove combustion by-products and to secure fab-
ric being cut, the cutting area of a laser fabric cutter is
enclosed in a hood through which air flows in a .
stream, first over and then under the enclosed air-
permeable cutting surface on which the cloth is sup-
ported.

6 Claims, 4 Drawing Figures
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1
HOLDING AND SMOKE REMOVAL SYSTEM FOR
A LASER CUTTER

There has recently been developed at Hughes Air-
craft Company, assignee of the present invention, a
fabric cutter in which cloth from a bolt is cut into pat-
terns by means of a traveling laser beam. Basically,
cloth to be cut is spread in a single layer onto a cutting
surface which is movable into and out of a cutting area
within which a laser beam is made to travel through a
selected route over the cloth. The laser beam is focused
at the level of the cloth and cuts through it cleanly by
burning a narrow path therethrough. The cutting sur-
face is preferably an air-permeable, open celled, thin
walled, honeycomb material in order to expose a mini-
mum of the support surface to the laser beam.

The patterns into which the cloth has been cut are
then removed, subsequently to be assembled into gar-
ments, such as men’s suits. Since the patterns must in-
terfit when assembled into garments, they must be ac-
curately cut. The path of the laser beam is controlled
by a computer and can be made very accurate. To take
advantage of this inherent accuracy, however, it is nec-
essary that the layer of the material being cut be held
flat and motionless upon the cutting surface. Another
requirement in a laser cloth cutting system is to remove
the undesirable by-products of the cutting operation,
namely smoke and burned cloth particles, lest they
form a coating on the optical system used to produce
the laser beam.

A principal object of the present invention is to pro-
vide a technique for securely holding a layer of mate-
rial, typically cloth, on top of an air-permeable cutting
surface. Another object of the invention is to devise a
means for quickly removing the combustion products
generated by a traveling, focused laser beam cutting
through a layer of material, without disturbing that ma-
terial.

In accordance with the present invention a layer of
material such as cloth is held securely upon an air-
permeable support surface by directing air initially to
flow over the material and across the support surface
and then directing the same air to flow under the sup-
port surface, thereby creating a net air pressure differ-
ential tending to press the cloth against the support sur-
face. Moreover, the same airflow which is used to cre-
ate the air pressure differential also serves to remove,
continuously and immediately, the cloth particles and
smoke created by the traveling laser beam and expelled
from the cutting point both upward and downward
through the support member.

There is further provided in accordance with the
present invention an air circulating system for imple-
menting the above technique. It includes an enclosure
within which the support surface is housed. The enclo-
sure defines an enclosed airpath which includes an ini-
tial region above the support surface and a terminal re-
gion below the support surface, as well as means for
forcing a stream of air to flow along the enclosed air-
path, through the initial and terminal regions succes-
sively, thereby creating the desired net air pressure to
hold the cloth against the support surface. In further
keeping with the invention the initial and terminal re-
gions of the airpath are interconnected by an interme-
diate region which extends between them along one
edge of the support surface. ;

Air is preferably forced to enter the enclosed airpath
through an inlet which is located along an edge of the
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support surface opposite the edge next to which the in-
termediate region is located. The air is then forced to
flow from the inlet, over the support surface, to the in-
termediate region, down past the edge of the support
surface, and then under the support surface. This is
best effected by an air exhaust means, such as a fan,
connected through a duct to an exhaust port located in
the enclosure under the level of the support surface,
thereby drawing air in through the inlet and over the
paths above and below the support surface as just de-
scribed. Air guiding baffles may be provided under the
support surface to insure that the air flows under sub-
stantially the entire support surface in the cutting area
before it leaves through the exhaust port of the enclo-
sure.

Further features and advantages of the invention will
become apparent from the following detailed descrip-
tion with reference to the accompanying figures in
which:

FIG. 1 is a perspective view, partially broken away,
of an airflow control system for attaining the objects of
the present invention.

FIG. 2 is a schematic plan view of FIG. 1, illustrating
the path followed by the air forced through the system.

FIG. 3 is a schematic end view of the system of FIG.
1 further showing the path followed by the air forced
through the system.

FIG. 4 is a perspective view, partially broken away,
of a portion of the system of FIG. 1 and illustrating the
baffles which may be provided under the support sur-
face to define the path followed by the air under that
surface.

Referring now to the figures, the invention will be de-
scribed as part of a laser cloth cutting system 11 having
two cutting stations 13 and 15. Although two cutting
stations are shown, it will become apparent as this de-
scription proceeds that the present invention is equally
applicable to a system having a different number of
such stations. An elongate support surface 17 extends
under both of the cutting stations 13 and 15 and holds
the cloth 19 which is to be cut. The support surface 17
is preferably movable and may be either in the form of
a conveyor belt or it may consist of one or more sliding
trays. Whichever form it takes, the support surface 17
is air-permeable and for reasons not pertinent here, is
preferably made of honeycomb panels having open
cells defined by thin heat-conductive walls. As shown
in FIGS. 1 and 3, these panels rest slidably on spaced
apart guide rails 25 held by channel members 45 rest-
ing on legs 46 and braced by cross members 47. Spaced
apart bracing members 48 extend under the support
surface 17, across its width in order to give it more ri-
gidity than that provided by the honeycomb panel
structure itself.

The movable support surface 17 is shown in FIG. 2
as moving from left to right, first moving the cloth 19
under the first cutting station 13 and then under the
second cutting station 15. The cloth 19 is shown as hav-
ing been cut into individual patterns at 17b to the right
of the second cutting station 15. Movable laser beam
sources 21 and 23 are disposed in the respective cutting
stations 13 and 15 above the support surface 17. The
manner in which the laser beams are moved is not rele-
vant to the present invention, it being sufficient to ob-
serve that they are indpendently guided in the two sta-
tions 13 and 15 by means of a computer or a numerical
control and are free to move the laser beam substan-
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tially through the entire extent of the respective sta-
tions 13 and 15.

In operation the cloth 19 to be cut is moved in steps
so that successive lengths of the cloth 19 are positioned
in the cutting stations 13 and 15. During the cutting
operation the support surface 17 is stationary and only
the laser beams move. However, this is only for simplic-
ity of operation and the invention could also be applied
to a laser cutting system in which cutting is performed
while the cloth is being moved.

In accordance with a principal feature of the present
invention the cloth 19 is held securely on top of the
support surface 17 by passing a stream of air above and
below the support surface 17, with the pressure prevail-
ing above the cutting surface being higher than that
prevailing below it, thereby creating a net air pressure
differential pressing the cloth 19 against the cutting
surface by virtue of the fact that the latter is air perme-
able so that the relatively high pressure air space above
the support surface communicates with the lower pres-
sure air space below it. Advantageously the streams of
air above and below the support surface 17 are created
by maintaining a single air stream which flows first over
and across the support surface 17 from its front edge
toward its rear edge (see FIGS. 2 and 3) and which
then returns under the same support surface generally
in the opposite direction. The manner in which this is
achieved in keeping with the invention is to maintain an
air pressure differential between the beginning of the
airstream and its end. As a result, the airstream will
continue to flow in its desired pattern first above and
then below the support surface and the air pressure
prevailing therein will diminish gradually along its path
from & maximum at the beginning of the stream to a
minimum at its end. Significantly, the average air pres-
sure, designated P1 in FIG. 3, prevailing above the sup-
port surface 17 and above the cloth 19 resting thereon
is greater than that prevailing below the support sur-
face, designated P2, thereby creating a continuous net
air pressure P1-P2 acting to force the cloth 19 against
the top of the support surface 17 so long as the air-
stream continues to flow.

The above described airpath is defined for each of
the cutting stations 13 and 15 by a housing 27 which
includes front and back, generally upright panels 29
and 31 and top and bottom generally horizontal panels
33 and 35. The top panel 33 also serves to enclose the
means 21 and 23 by which the focused laser beams are
caused to travel. Outer and inner end walls 50 and 51
complete the enclosures (FIGS. 1 and 4).

Air enters the housing 27 through a perforated intake
section 29a of the front panel 29. Preferably the perfo-
rated section 29a extends substantially along the entire
length of the front panel 29, and slants inwardly both
for the sake of appearance and to prevent clothes worn
by operators or observers from being drawn against the
machine by air suction. The air which is drawn into the
housing 27 through the intake portion 29a flows in a
stream 37 which first passes through the initial portion
39 of the total airpath established within the housing.
This initial portion 39 extends across the top of the sup-
port surface 17 from its front edge 18 to its back edge
20. In order to force the air which enters through the
intake 29a to rise above the support surface, the bot-
tom panel 29 has an upright extension 35a which pre-
vents the incoming air from entering directly into the
space beneath the surface 17. The air is next directed
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to flow through a terminal portion 41 of the airpath in
the housing 27, this portion extending substantially
from the rear edge 20 toward the front edge 18, under
the support surface 17.

The airstream 37 reaches the terminal portion 41 of
its path through an intermediate path portion 43 which
extends around the rear edge 20 of the support surface
and which is principally defined by the rear panel 31.

Referring to FIG. 2, the airstream in both of the cut-
ting stations 13 and 15, illustrated by dashed lines, is
seen to extend from the upper or front edges of the cut-
ting stations, flowing across the support surface 17
toward the rear of the cutting stations, then folding
back (under the support surface 17) and returning at
least part way toward the front edges of the cutting sta-
tions and then turning sideways and exiting from the
cutting stations along an edge which lies between their
front and back edges. This is achieved most simply by
providing for each housing 27 an exhaust (shown as the
port 33 in FIG. 4, for the first cutting station 13, and
as the port 534 in FIG. 1 for the second cutting station
15) in their inner end walls 51 under the support sur-
face 17 near its front edge 18 so as to force the air to
travel under the cutting surface substantially to its front
edge. A set of curved baffles 61 as shown in FIG. 4 may
be placed under the support surface 17 in order to in-
sure that the airstream will be directed from the back
edge 20 to the front edge 18 of the cutting surface not
only in the vicinity of the exhaust port 53 but substan-
tially along the entire length of the support surface
within the respective cutting stations 13 and 15.

The physical configuration of an exemplary cloth
cutting system featuring the present invention is shown
in FIG. 1. For sake of clarity the portion of the support
surface 17 which normally extends between the two
cutting station 13 and 15 has been removed. Between
the cutting stations 13 and 15 a short length of trans-
versely extending duct 55 connects the exhaust ports
53, 53a of the stations 13 and 15 with a common riser
duct 57 at the top of which an exhaust fan 59 is located.
The exhaust ports 53, 53a are located in the end walls
51 of the housings 27 of the respective cutting stations
13 and 15, this being best seen in FIG. 1 for the cutting
station 15, and in FIG. 4 for the station 13.

In operation, when the exhaust fan 59 is turned on,
air is pulled into the system through the inlets 29¢ in
both stations 13 and 15 and within each station the air
is circulated as shown in the figures, going over the sup-
port surface 17, down around its rear edge 20 and back
under the support surface toward its front edge 18,
curving toward the exhaust ports 53, 53a through
which it enters the transverse and rising ducts 55 and
57.

In addition to creating the desired air pressure differ-
ential, the technique implemented by the illustrated
system also serves continuously and rapidly to remove
the undesired products of the cutting process such as
smoke and cloth particles, thereby preventing damage
to the laser beam projection components of the system.

Materials of different weight and thickness may re-
quire varying amounts of air pressure differential to
hold them securely on the support surface 17. To per-
mit various types of materials to be accommodated,
means are provided to vary the air pressure differential
produced by a given setting of the exhaust fan 59 so
that the air pressure differential may be changed with-
out necessitating a change in the volume of air being
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moved through the system. This is simply achieved by
providing an additional air inlet 63 in the intermediate
air path portion 43, shown in FIGS. 1 and 3 as being in
the form of a hinged door 65 extending along the bot-
tom of the rear panel 31. By admitting additional air
through the inlet 63 into the terminal airpath portion
41, the air pressure existing there will be slightly raised
and hence the differential between the pressures exist-
ing above and below the support surface 17 will be
slightly diminished. Thus, the more widely the door 65
is open the less force will be exerted upon a given mate-
rial resting on the surface 17.
What is claimed is:
1. An airflow control system for holding material on
top of a portion of an air-permeable elongate support
surface comprising:
a. a chamber extending along and enclosing said sup-
port surface so as to define enclosed spaces above
and below said surface, said chamber having
1. an inlet extending along one edge of, said sup-
port surface in communication with the space
above said surface;

2. an outlet below the level of said support surface;
and

3. an airpath around the opposite edge of said sup-
port surface within said chamber; and

b. means for pulling air through said outlet so as to
cause air to enter through said inlet, to travel
across and above said support surface, down
around its said opposite edge, back under said sup-
port surface, and to exit through said outlet, caus-
ing a net air pressure to be exerted upon said mate-
rial against the top of said support surface.

2. An airflow control system for holding material on
top of a portion of a rectangular air-permeable elon-
gate support surface comprising:

a. means including a chamber around said support
surface defining an enclosed air path including an
initial region above said support surface portion
and a terminal region below said support surface
portion interconnected within said chamber by an
intermediate region extending between them along
one edge of said rectangular support surface por-
tion; and ‘

b. means for pulling a stream of air to flow trans-
versely across said support surface along said path
through said initial and terminal regions succes-
sively, whereby material laid on top of said support
surface portion is held against it by the air pressure
differential created by said airstream.

3. The system of claim 2 characterized further in that

said means defining an enclosed airpath includes;
a.an inlet next to an edge of said support surface por-
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tion which is opposite said one edge, said inlet

communicating with said initial region; and

b. an outlet below the level of said support surface
and next to an edge connecting said one and oppo-
site edges and also characterized further in that
said means for forcing a stream of air to flow in-
cludes means for establishing pressure drop be-
tween said inlet and said outlet.

4. The system claim 3 characterized further in that
said means for maintaining a pressure drop includes
means for drawing air from said outlet.

5. The system of claim 4 characterized further in that
said means defining an enclosed airpath includes an
inlet at said intermediate region for admitting a vari-
able amount of air into said terminal airpath region
thereby regulating the air pressure differential exerted
against said material.

6. An airflow control system for holding material on
top of a portion of an air permeable elongate support
surface while said material is being severed by a beam
of coherent radiation and for removing smoke and de-
bris generated during said severing comprising:

a. a chamber extending along, and enclosing, said
support surface so as to define enclosed spaces
above and below said surface, said chamber includ-
ing
1. an inlet extending along one edge of said support

surface in communication with the space above
said surface and sealed from the space below said
surface;

2. an outlet below the level of said support surface
near said one edge but sealed therefrom;

3. an enclosed air path around the opposite edge of
said support surface between said enclosed
spaces; and

4. a set of baffles extending below, and slightly
spaced from, said support surface, said baffles
extending from the vicinity of said opposite edge
toward said one edge and curving toward said
outlet so as to create a controlled air path under-
neath said surface which is at least partially trans-
verse to the longitudinal dimension of said sur-
face; and

b. means for pulling air through said outlet, whereby
air is caused to enter through said inlet to travel
across and above said support surface, down
around its said opposite edge through said enclosed
air path back under said support surface through
said controlled air path and to exit through said
outlet, causing a net air pressure to be exerted
upon said material against the top of said support

surface.
* * * * *
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